Single crystals of the new arsenide Eu 4 Ir 8 As 7 were grown from a lead flux. The structure was refined on the basis of single-crystal X-ray diffractometer data: Ca 4 Ir 8 P 7 type, P2 1 /m, a = 1311.3(1), b = 408.4(1), c = 1360.3(1) pm, β = 98.45(1) • , wR2 = 0.0640, 1985 F 2 values, 95 variables. The iridium and arsenic atoms in the Eu 4 Ir 8 As 7 structure build up a complex three-dimensional, covalently bonded [Ir 8 As 7 ] network with Ir-As distances ranging from 239 to 260 pm. Each iridium atom has three or four arsenic neighbors in slightly distorted trigonal-planar or tetrahedral coordination. The four crystallographically independent europium atoms fill cavities of coordination numbers 12, 13, and 15 (2 ×) within the [Ir 8 As 7 ] network. Parts of the Eu 4 Ir 8 As 7 structure resemble known simpler structure types, and one can describe the Eu 4 Ir 8 As 7 structure as an intergrowth variant of CaBe 2 Ge 2 -, TiNiSi-and AlB 2 -related slabs.
Introduction
Ternary metal phosphides A x T y P z (A = alkali, alkaline earth, electron-poor transition, or rare earth metals; T = electron-rich transition metal) display a broad structural variety [1, 2] . Phosphides with a high metal content predominantly contain isolated phosphorus atoms, i. e. no P-P bonding occurs. With increasing phosphorus content one observes P-P bond formation. The most frequent (and smallest) substructure is the P 2 dumbbell, habitually observed with single bond character. Besides, many cage clusters, chains, and tubular substructures are known. The crystal chemical concepts of these materials are reviewed in [2] .
The number of representatives decreases from the 3d to the 4d and 5d transition metals. This is not only a consequence of the price of the noble metals, but also due to the decreasing reactivity of especially the 5d elements. Classical solid-state synthesis of such phosphides requests repeated grinding, pelletizing and annealing of the samples in order to achieve product formation. A way out is the use of a low-melting metal flux [3 -5] for the growth of small single crystals.
Due to the low reactivity, only few ternary iridium phosphides had been synthesized by heating mixtures of the elements in corundum crucibles [10, 11] [7] , AIrP (A = Sr, Ba, La -Nd, Eu) [8, 9] , AIr 2 P 2 (A = K, Rb, Cs, Ca, Sr, Ba, Eu) [8 -12] , Ca 4 Ir 8 P 7 [13] , Lu 3 Ir 7 P 5 [14] , Sm 15 Ir 33 P 26 [15] , Ce 4 Ir 13.55 P 9 [16] , Ce 13 Ir 34.4 P 24 [17] , ScIrP [18] , and the three series RE 7 Ir 17 P 12 (RE = Y, Gd, Tb, Dy, Ho) [19] , RE 5 Ir 19 P 12 [20] and REIr 2 P 2 (RE = La -Nd, Sm) [21, 22] .
When it comes to the iridium arsenides, only the phases REIr 2 As 2 (RE = La -Nd [21] , K, Rb [11] , Cs [10] , Sr [23] ), Mg 4 Ir 7 As 6 [24] , and Ca 4 Ir 8 As 7 [13] are known. In continuation of our work on rare earth metal-iridium-phosphides, we tested the leadflux technique also for the arsenides. The crystal growth and structure refinement of the new arsenide Eu 4 Ir 8 As 7 are reported herein.
Experimental

Synthesis
Starting materials for the syntheses of Eu 4 Ir 8 As 7 were europium pieces (Johnson Matthey), iridium powder (Heraeus), arsenic pieces (Sigma-Aldrich), and lead granules (ABCR GmbH), all with stated purities better than 99.9 %. The arsenic was purified by fractional sublimation under vacuum prior to use. First, the sesquioxide As 2 O 3 was sublimed with the hot end of the sealed silica tube at 570 K and the other end at room temperature. After cutting off the cold end containing the sesquioxide the tube was sealed again, and the arsenic was sublimed with the hot end of the tube at 870 K. The lead granules were melted for 36 h at 770 K in an evacuated silica tube, followed by quenching and removing lead oxide from the surface (purification by liquation).
The elements were weighed in the ratio Eu : Ir : As : Pb = 4 : 8 : 7 : 60 and placed in a corundum crucible that was sealed in an evacuated quartz tube. The ampoule was heated in a muffle furnace at a rate of 20 K/h up to 1370 K and kept at that temperature for 100 h. Subsequently the sample was cooled to 970 K at a rate of 4 K/h and then to 570 K at 4 K/h. Finally the tube was cooled to room temperature by switching off the furnace. [13] . The Eu 4 Ir 8 As 7 crystals have metallic luster and are stable in moist air over months.
EDX data
The Eu 4 Ir 8 As 7 single crystals were analyzed by EDX with a Zeiss EVO ® MA10 scanning electron microscope in variable pressure mode using EuF 3 , Ir, and InAs as standards. Only europium, iridium and arsenic were observed by EDX. No contamination with the flux medium (lead) was evident.
X-Ray diffraction
Small pillar-shaped single crystals were glued to thin quartz fibres and investigated by Laue photographs in a Buerger camera (white molybdenum radiation; imaging plate technique, Fujifilm, BAS-1800). Intensity data of a suitable crystal were collected at room temperature by use of a Stoe IPDS-II image plate diffractometer using graphitemonochromatized MoK α radiation. A numerical absorption correction was applied to the data set. All relevant details concerning the data collection and evaluation are listed in Table 1 .
Structure refinement
The data set showed a primitive monoclinic lattice. The systematic extinctions 0k0 only observed for k = 2n led to the space groups P2 1 and P2 1 /m of which the centrosymmetric group was found to be correct during structure refinement. The starting atomic parameters were derived from Direct Methods with SHELXS-97 [27, 28] , and the structure was refined with anisotropic displacement parameters for the metal and isotropic ones for the arsenic atoms using SHELXL-97 [13] . The setting of the calcium compounds was used in the subsequent cycles. To check for deviations from the ideal composition, the occupancy parameters were refined in separate series of least-squares cycles. All sites were fully occupied within three standard deviations. The final difference Fourier synthesis revealed no residual peaks. The refined atomic positions, displacement parameters, and interatomic distances are given in Tables 2  and 3 .
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http:// www.fiz-karlsruhe.de/request for deposited data.html) on quoting the deposition number CSD-426592.
Discussion
So far Eu 4 Ir 8 As 7 and EuIr 2 As 2 [26] are known in the ternary system Eu-Ir-As. EuIr 2 As 2 crystallizes with a pronounced CaBe 2 Ge 2 subcell (space group P4/nmm) and shows modulation along the crystallographic c direction. The shortest interatomic distances in the Eu 4 Ir 8 As 7 structure occur between the iridium and arsenic atoms with Ir-As distances ranging from 239 to 260 pm, close to the sum of the covalent radii [32] of 247 pm. Together, the iridium and arsenic atoms build up a complex three-dimensional, covalently bonded [Ir 8 As 7 ] network which leaves larger cages for the europium atoms.
A projection of the Eu 4 Ir 8 As 7 structure along the monoclinic axis is presented in Fig. 1 . The eight crystallographically independent iridium atoms belong to different substructures as emphasized by different shadings. The Ir7 atoms have trigonal-prismatic europium coordination, similar to many AlB 2 -related ternary phases (honeycomb-shading). The Ir3 atoms (dashed shading) have distorted tetrahedral arsenic coordination. This substructure corresponds to the family of TiNiSi compounds [33] . The largest substructure comprises the atoms Ir1, Ir2, Ir4, Ir5, Ir6, and Ir8 (grey shading). This part of the structure has a CaBe 2 Ge 2 -related arrangement, as has recently been observed for the arsenides REIr 2 As 2 (RE = La -Nd) [21] . Consequently one can describe the Eu 4 Ir 8 As 7 structure as an intergrowth variant of AlB 2 -, TiNiSi-and CaBe 2 Ge 2 -related slabs. Similar slabs also occur in the metal-rich ternary iridium phosphides [14 -20] .
The tetrahedral coordination of Ir1, Ir2, Ir3, Ir4, Ir5, Ir6, and Ir8 is emphasized in Fig. 2 . These IrAs 4 tetra- hedra share common corners and edges, leading to a three-dimensional network. The larger cavities left by this network of tetrahedra are filled by the Ir7-centered trigonal europium prisms (formed by Eu1, Eu2, and Eu3) and the Eu4 atoms.
Within the [Ir 8 As 7 ] network we observe a quite narrow range of Ir-Ir distances from 282 to 293 pm, only slightly longer than in fcc iridium with 272 pm IrIr [34] . The iridium substructure is shown in Fig. 3 . The Ir7 atoms within the AlB 2 slab have no direct iridium neighbors. The shortest Ir7-Ir7 distance of 408 pm corresponds to the b lattice parameter. The Ir3 atoms form zig-zag chains that extend in the b direction. The larger grids of the Ir5-Ir8, Ir2-Ir4, and Ir1-Ir6 substructures also extend along b and can be considered as two condensed zig-zag chains. Very similar iridium substructures with comparable ranges of IrIr distances have been observed in the many RE x Ir y P z phases [7, 13 -20] . Thus, besides Ir-As bonding, the Eu 4 Ir 8 As 7 structure is also stabilized by weak Ir-Ir bonding.
The four crystallographically independent europium atoms have coordination numbers (CN) ranging from 12 to 15 with iridium and arsenic atoms in their coordination shells. There are no direct Eu-Eu interactions. The shortest Eu-Eu distances of 408 pm correspond to the b lattice parameter. Although all europium atoms are part of the CaBe 2 Ge 2 -related slabs, they have a reduced coordination number as compared to CeIr 2 As 2 with CN 16 (8 As + 8 Ir) [21] . This is a consequence of the intergrowth character, since all europium atoms are located at the sectional areas between the slabs.
Finally we draw back to the coordination of the arsenic atoms. Most of them are located in distorted trigonal prisms formed by the europium and iridium atoms (Fig. 4) . These prisms share the triangular faces along the b axis and common edges in ac direction, leading to strands that run along c. Adjacent strands are shifted by half the b translation period with respect to each other. This presentation is solely based on the geometrical motif; however, such propeller-like substructures can easily be distinguished from each other. This building pattern is similar to the structural chemistry of metalrich phosphides [1, 2] .
